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The Matlieiatlcs Acbi«Teient Test Project (HATP) vas set up 
by the ^pearning Issessstent Braich of the Hinistry of Bdacationj^ - 
to develop testing eaterials to' assist teachers throughout the 
province in the task of sThlaatiag 'students* perforsdttCe in 
■athenatics. The tuo sajor objectives of the project ware to/ 
construct "banks" of test itets referenced to the corcxculua 
guide for lathenatits (1978 edition) in Grades 3. 7, and IJ, and 
to use these itess to construct tests vhich coald be used either 
as achievesant seasures or as diagnostic tests. 

for the classrooa teacher, the task of evaloatiag stAdents'*. 
perf orea-nce in satheaatics it^ a demanding, one. If a test is to 
be used in this process, a serious effort sust be^idde to 
control for the influence of factors such as the levdl of 
difficulty, reliability, and'content validity of the iteas, the 
length of the tast, and, the adequacy of "coverage" or the 
. contenf. On less factors sqch as these are controllad, the 
results obtained say be «isleading or seaningless. 

In constructing the HATP tests, a serious atteipt was sade 
to take into account the influence of factors such as thosisi just 
■entioned^ Moreover, the t^sts were designed with saveral 
attributes which should enhance their Usefulness to teachars. 

^« 111-iteis are cmryicy^ijj-^agg^j^ Bach ites developed for 
the HAT Project is linked to ah objective fros the. curcxcalun 
guide for a particular grade. Ifith tiie exception of a ssall 
Duaber of those objectives vhich do not (lend thetselvi^s to 
paper-and-pencil testing, hll objectives in the guila are 
included. - 

^' ' 

2- IlLS^£5l^iiSl^iI£.SfifiBd& B9ch itea accepted for 
inclusion in an itea bank vent through several .stages of reviev 
by teachers of satheaatics, and pilot testing on at least 300 
studenys selected at randoa fros across the province, kut itea 
vhich failed to" aeet stringent psychoaetric standards (See 
Chapter 3 for details.) was rejected. This seans that the iteas 
have contsnt validity and that they geet accepted test 
developsent standards. 

3- , the ttgt litis lav^bt iisey for aiaonostic purtosas. 
firtaally all the itess in elided it the ites liank are or the 
•ultip^choice type, and the distractori vere developed 
^rlsarily to reflect fregnently-occarriag jertors, vaerever 
appropriate. Botaover, 'since the iteas are linked to Si>«cific 
cerricoiar objaetives, a stodaat*a level of aaatary of aash such 
objective aay ba validly aasaaaad. Thia aaaaf thaf taa^hers will! 
have access to th^ kind of laf oraation thay aaed tj plan 

ll^raaediai progress vhea ragoirad* 

N ■ * . 



fi&|l9B gg,alfti. All the iteis for a given grad^ver\ calibrated on 
a coaaon seaaQreaent acale so that itea results ai/ be 
■eaningfully cpapared ■ith sach other even if the results are 
obtained froa different Saaples. ~The^ nse of this calioration 
procedare, vhicK is. based on tha Basch aodel imae Chapter 3), 
•ill provida tvo iaportanf benefits to aserii^^ 

^ ' . 

a. Tests aay be constrocted to provide the aost a?3urate 
laforaation at any ability level desired by the user., 
ThQS/ aa'like standardized tests vhich* are constructed ^o 
be aost suitable for the "average" student, tests 
constructed froa the itea bank aay be designed to be aost 

. apppropriate for a particular stndant ability levai. For 
.ezaaple, as different test foras. becoae available in the 
future, a teacher could adainister one test forn to low 
abilityv students, a second fora to better students, "and 
yet still be able to aaike direct coa pari sods Df their 
relativ^ perforaances. ^ 

b. Besults obtained froa different te^ts^;gay be c:)apared 
since all Iteas hav^ been calibrated on a coa a qp. scale. 
This Beans, for ezaaple, that different test foras aay be 
used as^ pre- and post-test seasaces and that valid 
•stiaates of studeijits* gaJ.n.s in achieveaent aay be aade. 
This vobld be true even if the tvo test foras had no iteas 
in coaaon. HOreover, use of the Basch aodel vill anable 
valid coaparisons to be aade of difilerent groups of 

. students vho take different tests. ' 

To suanarize, fth^ HAT Project vas intended to provide 
teachers of aatheaatics with test iteas and tests -that are 
p8ychoaetri(^ally sound, that are referenced to the curriculua 
guide, and that can be used with co^fiden'ee. Initially, eleven 
Stra ng Tests were developed, and their construction, ose, and* 
application are the subject of this sanual. 

The BAIg^mjJygr.CignoeEt> 

. . > - . i i 

At each level, the' satbeaa tics curricnlaa say be divided 
into a Buaber of sajor topic areas. The 1978 , edition of the 
curriculua guide lists aiae such topic areas or llxofilS for 
aatheaatics Grades 1 to 12: Sets and Sat Operations, Vuibdr and 
iuabcr Operations, 6eoa?try, Haasureaent, Problea Solving, 
Sraphs an.d Functions, Applications of aatheaatics, Logicstl 
Thiakiag, ,aDd probability and Stitlstics. At any particular 
'level, certain strands are •aphasized while others are given 
little or so aaphasis. Por the Grade 7 lawel,, for axaap^a, the 
titrricnlua guide lists siz strands and for Grade 10, three. 

tot the, porposes of the BAT Project, the atraads wace re- 
defiaed (See Chapter 2 for details.), their aaabar radacaJ, and 
alaost all of the objectives . littad in tbe curriculua guide 
assigaed ;to BATP strands. Those few objactives whica were. 
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•iclo(Sed iitr« jadgtid to b« iiBtcstablt. Pdr Aiaiple, a Sraae 7 
Objective which tas •i^claded states that, wThe stadent Is able 
to diatlagoish betveen the concepts of auaber and naBeril.** it 
eas felt that ■ach an objective eouXd be extcepely difficult to 
teet In the e^yitext of a^aper-an^- pencil test. ^ 

It the Grade 3 Ie^el\thereaie three B A TP strands: Sets and 
iQsbers, Operations eith ihole Musbers, and fteoaetr/ and 
leasnresent. For Grade 7 there are five HATP Strands: Sets and 
Haabers, Operations on Ihole Bnabeps^ Operations on Eatianal 
■nabers, Geoaetry aaiS Heasareaent, and Ipplicatioirs. it Grade 10 
there are three: Algebra, Geoaetry, and Consna^ Batheaatics. 

A fortf-ltei test vas constructed for each strani. All 
ItcBs incluaed OD these tests are pf the snltiple-cbVice variety 
•itb fottt response choices, «ach of ehlch Is a possible dssver 
the exercise. There are ao responses such as "I don't knov^ 
ot "Hone of these." A breakdown of each Strand test by objfective 
Is contained in Appehdix A., 

Bach Strand Test say be used at either of tec levels and, 
for that reason, each is identified with kvo grade 
levels:. Grade 3/a, 7/8, or 10/11, The Sjtrand Tests eay oa used 
either as achieveaent te^ts or* as diagnostic tests. la the 
foracr case teachers iay vish to use then tx> assist in tna'task 
of assessing students' aastery of a given strand apon coapietion 
of that strand ot at the end of-the school ters. teachers of the 
subsequent grade can use the tests for diagnostic purposes to 
identify areas of particular strengt,h or weakness before they 
begin to teach a aajor unit. 

* iilllllslerin-g' and Scoring the strand r^ ^%^ \ 

Each Strand Test regiiires fprty-five ainute^ to adainister; 
this is the tiap liait that eas used in all of the pilot testing 
of the it eas. Users who wish to use the tests for assigning 
grades ' or for coppering their studehti^' perf^raance to the 
provincial aterage should adhere closdlif to this tiae liait. 
Although the tests are power tests and not strictly speaking, 
speed tests, any significant departure froa ihe tiae liait aay 
lake such coaparisons invalid. i ^ 

students' should not be allowed 'to ^e ha^id-Wd calculators 
or any other coaputatlpnal aids during the tests. Sisllariy, the 
■se of a coa#kass or ppbtrtfctor is h6t persitted. 

The Teacher's Banu^l which accoapanies each test .contains a 
•coring key and a Class Becord fori which eay be Qtili4ed to 
enalyxe the results in detail. Ipor ^ eiaaple, the Class record 
rora can be used to identify, a «tudeBt«s strengths and 
weaknesses. Arejs of weakness will be evident if the itaden^t 
frequiently or epnsistently answers it«as c^orcespondinj to a 
particular objective incorrectly. 



Silch analjBes, li9vavar«% aiist be done wit/^iution- 

Inforiatlon froa a single test itea or froa a snail set of iteis 

IS subject to i certain anoant of seasnraaent error, and saould 

only be Used as one piepe of data to be- confined by otEer 

oraance Tecords^ la vith *ny jingle test score, 

254£r"^^®" ®' ■ possible attident veakness on Ike basxs of 

r**^^'**/ considered tentative antil confined b? 
XQrtHi«i^lnft:«i:sation. . 

^ • ■ . 

Taachers ^y obtain diagnostic inforaation by ezaaining the 
incorrupt response choices aade by students because the 
dis^tractors were constructed to include freguently-ocsarrinq 
errors, for Maepl#^ consider the foUowing Grade 3/H itei;. 




Subtract: 

-ii6 



a. 83 

b. 183^. 

c. 123 

dV, 223 



Each incortect response choice Cb,c,d) is illustratJ^re of a 
faulty algotithi or aiklearned concept. Students .who select 
response q ^ay have learned to subtract by serely finding the 
absolute, diff^rencte of each paiT ^of digits in the exarciae, 
fhris, " .6 ^roa 9 lb 3. 2 froi H is 2. 3 froi 4 is I," Students 
selecting responses t or aay be haTing difficulty »ith place 
falue concepts, and in particular aith the concert of reocoupinq 
or ♦borroning" In subtraction. 

For sore inforaation conirerning the attributes of a 
particular test, teachers sl^uld eiaaine the test itself ind the 
Teacher's. Hanual vhic^ accoapanies it. The reaainder this 
■anual is devoted tcy a description^ of the developeental process 
ihich led to the creation of the ^trand Tests whlcj have 
appeared thus far. Chapter 2 is concerned with the developeent 
of the MATP. Itei Specification Bodel, the iapllfled objestlves, 
and the test Iteis theiselves. Chapter 3 contains a description 
of the procedures that vere followed In pilot testing the iteas 
ind in potting the tests together. Also j|.ncluded in Chapter 3 is 
a diacusslon of latent-trait theory and %he Basch aodei. vbieh 
fas used to calibrate the iteas in the AUTP itea banks. 



Ckapter 2 
DErSLOPHEIT OF ITBHS 



For •ach grade, the objectives * listel in the carriculua 
gaide for eatheiatlcs indicate, in general ter«s, the content 
that is to be taught, these objectives constituted the basis 
opon which the HATP iteas were generated. . . 

The objectives in the cnrricnloa guide are stated in a fora 
that allows teachers a f»irly wide degreed of latitude in the 
•election of t*e actual aaterial that is to be presehtei, and 
teachers are encouraged to read and interpret the content of the 
gjiide in the light of their experience and knowledge of their^ 
students* needs and abilities. Such latitude is siearly 
iooo.apatible with a test, developaent ' prog ran where xt is 
essential that all concerned agree upon the scope and intent of 
the content to be tested. For that reason, it was aecessary to 
rewrite each of the objectives *ia sore detailed fora so^ tiat 
hOBogeneouiB sets of te6t iteas could be written. . 

laplified Object ivys 

For each objective in the cnrriculuw guide which was 
appropriate for assessaent by seans of paper and pencil testing, 
iJ£liXisd_&kle£liie was developed. An laplified Objective is 
an expanded stateaent of an bbjective which provides a deckiled 
description of the topic and behavior iaplie.d by the objective* 
IThis expanded statesent reduces aabiguity about what would 
constitute a satisfactory tesTl itea to assess the degcde *of 
■astery the student has attained. The aajor purpose^ of the 
laplified Objective is to assist itea-aevelopers to produce 
cohereijt sets of test iteas. 

An Aaplified Object! ve'bas twosajor cosponent^c StiauXus 
Bleaents and Learner Response Options. The- Stiaulus Elsaents 
coaponent consists of a thorough description of the content of a 
test ites which would be walid for that objective: It includes a 
list of the rastrictioos that are to be placed on the ituas for 
a 9iv«n objective. The Lotaraer laspoase . Optioas section id h 
stateaent of the satnre of the Hot hods* the student will be 
•iptcted to 4ise in respoading to ^he itea. For 'iolti pie-choice 
iteas, this would coasitt lar^yely of a description' of t*he answer 
choices, both the correct answer and the distractors. ' 

To illnstrate the ooncopt of an Aaplifiod Objective an 
•xaaple is given below. Tha objoctive, XI.C.7, is takea froa 
section ll«c of the eorricolua guide for Grade 7. 



• Specific Objective (II. C.7) / 

% The itnaftBt is tble to: 

■rite sets of egairalent fractions. 

' A Bpli fie a objective 

lUUilas_ lUeenta . . 

de.o.l^^tor.^.bould>e li.itea to tl.e'-|pIlo:?.%:"2:^,'|; 

i!!" fop^'"!"? tractions .gaitaleot to «ero. oott and, 

, e- The .xpression "lonest t«r«s" .fcould be as.j fA 

exercises asking students to redace fMctioL. 

wrner Eespons^ Qpti?*;' 

OiSf ractora slionld include the reciprocals of the -ar™,.* . 
r^ponse. 5s4r -ay also be f ot«,d by' idd^S, or "St^rrttna 
"Vl^"^"",!'*" "^ -"'-i-tor rather th2. bV :»°5tTpnrng' 

Sasple Itea 

» ^ ■' . 

SM^** fraction is eguifalent to 6/8 ? 



«. 8/10 
bb 8/6 

3/16 
d. 18/2^1 

J 



•bile eot tveryoae , vould Becestatilv aare« n 4.1. 

restrlctioai^ contained in this Iipiifi.f'^Hl^h,^ 

Bot intended as directives regtrdiBa the Sav In Ili^f^Js: t \ 

4..o.in.t or, elected frp. . „" » *?..2!r .TiJJ 
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appropriate in the ci resist ojicetf. Hoif«ver» to ensure that there 
if 9Wral agreeient fboot vhat eotistitates a suitable test itea 
for such ao objectlte, it , ia iaperative that an ojerjtional 
definition be provided. This is the fane ti on of the iapiifxed 
Objective. 



The existence of an Aaplified bbjeoMve saies it passible 
to decide, on grounds of content and. face validity, vhethar or 
»ot a given it«n is acceptable ss a seasnre of a alven 
bbjective, , r 



■hiph fracti-ot) is equivalent 
to 6/8 ? 

a. 8/10 r 

b. 8/6 / ' 

c. 3/16 

d. 18/2U 



Dnaccept ab le ^te m;_ 

ihich fraction ^s eguivaient 
to 11/51 7 



a. 

b. 
c. 
4- 



12/52 
77/357 
21/61 
1/11 



<liB unacceptable itea violates ohe restriction of the 
Stiaulus Bleaen'ts and One res^triction of the Learnei; Baspaase 
Options* The fraction 11/51 should not be used in a test itea 
for this objective* If the itea were^ to be allouaJ, the 
distractors would have to be constructed differently, ilbe 
inverted fpra of the correct response is not ia the lis& as - 
regjiired. ' : ^ . . ' ' " ^ ■ , '"iv '.■^V' 

liplified Objectives sere developed for e^,erT^^|%^^ 
^roB the 1978 edition of the currlculua guide ibrsathdaatics 
ebich vas incluied Id the HAT Project* ' 

• ■ ■ ■ ' ' 

■ ^ XlSI^glSlSBlgfit 

* The . lATP ttei Specification Bodel - consists of ^hr^'e 
diiensions: ita/a content, level of difficulty, and "lavel of 
co9nitive Jl>ehavi6r. The aodel'for Grade 7/8 is shown in figure' 
1, by* way of illustration. Only the content diaension varied 
aa.oajf-'^^des. ("^ 




ItU^fifilfiftt 



V 



and 



Prior to the developpent of the haplified Objectivas 
the actial test iteas, the objectives froa the curricnlua guide 
for each grade vere partitiosed into strands. Bach strand 
xtpreaants a sajor block of content for a given graie. The 
Teacher's laaual for each Strand Test contains • list 9f the 
actual objectives ftotf the curriculos guide vhich are iacluded 
in that strand* These say also be found in Appendii !• 



The ooitent of each gtjraad mhi further specified ny the 
construction of the Aspli^ied objectives* As vi|s sent ioaed 
•arlier, an Aiplified objective vas irrit^en for each obj4»ptive 



.th«t incXodt* the HATP •txands. 



• Applications 
Geometry & Measurement 
-Rational Numbers 
Whole>Jumbers 
Set$&Nos. 



DIFFIGULTY 









« 













, Low Medium High 



rigure U'The HATP itei Specification Hodel - Grade 7/8, 



h« to ensore tliat the ite»s Vodocei would 

be of farylng lerela of difficulty. tUa dafelopeJ •ere tasked 
tp produce itais that eere of lir, ■•diua/or hioh dSfx^l^lit 
ba^ag their jodgaeat of the diffiiilty of' m it^a of uJfr' 
• ipenence aa teachati of aathaaatica. ite^rof loe dilffJS?iv 
irare dafiaed to be thoae iUa. ^ich had "w^dictad Vlff If of 

to 79»; high 

difficulty itaas Hera ' pradiciad > to have a b-wIiV,, ij 
•pproiiaataly DK to 29%. It^fr/laUadSr th!t/ fSt aacS 

♦O* of aadioa dlfficuUyj aaS 20t4ir high diff^yUy. 



The three levels of co^ltive . behavior used in the HAT 
rrojecf^Mre Inovledge, Cosprebension, and Inaljsis* Ju«t as 
^vkea one proceeds f;roB Ion to high d'ifficolty itens tha iteas 
becose "harder**, so /Coo as one proceeds fros Knovleije to 
Airtl|fsls . the iteas becone cognit^vely aore cosplei. The use of 
tbesii three categories of cognitive behavior ensured that iteas 
eonld ba produced at varying levals of' cof plezity. Such a^scheae 
eas aepnsary because the purpose of the project vas to ganetate 
iteas at varying levels, and not serely iteas to test ainiaal 
coapetencies* 

. The cetegorizntion of each itea by cognitive level vds done 
an f ptirff rj basis, as it vas for level of. difficulty. 
"Prequent^ly, this involved # difficult and soaevhat aroitrary 
decision because the dividing line between the categories i^ 
rather, i^lrdefined and vague. The classlflcatfion of an^itaa can 
probably 'bnlY be lade accurately for an individual student, 
taking into account his or her individual liack ground. Hoifever, 
such a categorization, in spite of its weaknesses, does serve to 
ensure th^t itees wirl,l be general ad *t various cognitive 1 ev^ls. 

There would i^^pear to be relatively videspcead a^i:eeaent 
about what ; constituted behavior at the Knowledge level. As the 
behaviors becoae adfe coaplex, havever, the definitions oecoae 
^ore difficult to apply to a population of studtei^ts) as j^posed 
to an individ^l student. In sose categorization sckeiies, there 
■ay be five or pore cognitfwe behavior levels usei. For the flAT 
Ptoject there were three. It was intended that, foE each 
objective, 501 of the iteas produced would be at the l^norfledge 
level, and 25% at eh ch of the other two levels.' ' 

The Knowledge ''level, in which a student is not reguirbd to 
sake decisions or use coaplez aeaory, consisli/dl^ knovlauge of 
specific facts, knowledge of terainology, sDd t|«);|bility to use 
algorithas. The Coaprehension level, in which h atudaat i's 
reguire:^ to sake decisions and nse cosplez eeabry,. consi^its of 
knoM^ledxje of ^c^hcepts, .knowledge of principles*,' rules, and 
generalizations, ability to tr«Dsfora problea eleaehts fsiOB one 
■ode tO! another, and ability to read and interpret a •athaah'^ids 
problea. The Analysis level,- in which a student is reguirbd to 
give a piguence of responses, consists of the ibility solve 
routine probleas, to analyze data# Md to recognize patterns. 
'. ' • . * " ' ' ■ ' ■ ' 

|. Knowled ge; The Knowledge level incladas the leiist 
eoaplez behaviors which one ezpects fros st adepts as outcoaes of 
■athesitics Jlnstruction. The iteas in this category sho^.ld 
reguire only slaplp racall and routine «anipulatioas« " 

Knowledge of Specific Facts. £f€iU| #ioQld rt«3uire 
•tideatff to reproduce or reognize aaterlel trisenttd xn the 
i«aae fori as* it was priiseated in crlass. Also inclttded arfi basic 



•nitg of knovledge to which the student has |>«en eiposai over 
long periods o^ tiee • 



3 4 5 

f 15 



Bxaeples 



b. 35 1 c« 8 d. 2 
Which of the foXloviog is ROT a eh^oXe aaebert 
a> (i> . b. 3 c. 1/2 d. U 



Ci^ady 10 ; Which of the following ik not defined foL £ea^. 
BQibers? 



a. UVi 



b. 3x6 



c. .0/3 d. 3/0 



1.2. , Knowledge of Terainolog y: . Iteas should requa.ce the 
..^stodeDt to recall the Meaning of tera^ and fyabols. 



Bxanples 
■hich sign says "add**? 
a. - . b. X c. ♦ d. < 

Cyade J i Which of the folloving is* a priae ,nuBl|3er? 

a. 33 b. 35 c. , 37' d. 39 
' fiIfi5fi-Jfl: 5! equals ^gf 

a. 5 X 5 X 5 X 5 X 5 b. S/S 



C«5xax3x2(x1 



d« '5 ♦ 4 ♦ 3 ♦ 2 ♦ 1 



A.3. ibility to' Dse' Algorithas; .Host* teach^Ca; of 
sathesatics would probably consider thi^ to. .be the sost 
^Isportant subcategory of the Knowledge level. The itens Jhoiild 
' mot reguire a student to select the proper slgoritha, i.e.^ sake 
s decision^ i but se^ely to apply the required procedure to the 
•lenents in the stianlUa. 
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Bxaipl«s 



227 b. 636 c. 4)18 d. 649 



I 



• • 16 b. 17 c. 18 a. 19 

♦ 

grade 10 ; 0.02 0.J3 « 

^ ^ a, 0.26 ^HK 0*026 c. 0.0026 d. 0.00026 

fia..iLfiJI£i:S^fiASl2&x Coiprehension ' l<tTel consist); 'of 

b^Jiaviors which are acre coaplex than. those at the Kn^wiedge 
lavel. The dividing line between categbries is soaevhat ill-' 
defined and iteas at this laval frequently require beadviors 
froa the Knovledge level as nell as froa the Coaprehansion 
level. Iteas at this level ahonld require iore thai! siat>le 
recall; the stadent should have to lake a decision about which 
concept pr Igor i the is appropriate. > 

' ' ' \ . ♦ 

B.I. Knovledge of Concepts: Since concepts are abstract and 
abstractions require soae iaplicit decision- Baking, Knowledge of 
Concepts is in the Coaprehension level. Iteas should require the 
•tttde-nt to aaki a decision about the apjplicaton of a consapt or 
v'hether or not ah object is an instance of a specified concept.. 

Bzaaples • 

fi£tj$.l: To aeasure th^ length of your classrooa which di the 
following units would be used? 



a. aatre b« graa c. litre d. kilograa . 

fiXUSS^I: trite the priae. factors ot/^TS 

a. 1, 36 b. 2, 3 cw 6, 6 \d. M\ 9 

ftUAUtl): If two an<9les are oospli(Btt«itary, then both are 

«• acute b. obtuse >c« right d« coogtUBot . 

B.2. Kao^ledge of Principles^ Inles, and Ooaoralitdtioas: 
For iteas ia this catogory the studont is oipectod to ipesjjnize 
a principle, rale. Or geaeralitatiob . and itm appllcaitioo* 
■hather or not a given itoa froa this ^iubncatogory ^s a 
Coaprohension-ltvel. itea irill dopond ipon what the studaivt has 
botn Uug^t; If the itea roqoirot that tho^stndont generate the 

• • **' ' t ■■ 
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'. 

ml; prinfcipl*,, or g«ne rail lotion, th«D that itei would beloog 

to a higher cognitit© Uvel for^hat studont. / ) 

Biaiplas , 
ffli^S 3.: you add 0 to a aaaber fi> the 9Ui 

a. •will be greatier t^an g 

b. vill be less than ji « 

c« nill bV egoal to n - / 

• . I 

d. BAY be aqre or less than n 

\ , -» , 

£l&d£j^- If ^ke deciial ^int in a nuibsr is aofed three ** i ^gqs 
l2-lkS-lifllll» "e are 

* 

I ■ ' * 

a. dividing the aoiber b. ;diTiding the aaibar 
by 1000 by 100'^ ' 

c. lultiplTiag the nniber d* lultiplying the nuiber 

by '1000 ' by 100 . ' ' 

prade 1 0: The sun of the angles of a triangle ^ 

( 

a. is between 90o and 180o. ' ' 

I ■ 

b. is J 800* 

c. is between 1800 and 360'o. 

, d. depends on the sizes^of the angles. 

K 

■ ' . ■ ..^ - ■ , 

B.3. Ibility to Transform Problea Eleaents: This 
subcategory is central to the Coaprehension level. solve 
iteas froi this cattery the student lay .ba regulred to caange 
th6 fora of M Buaber or to change a worbal, ayabolis, or a 
pictorial represent at! oh to either of the other foras. 



{ 
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8 ■•rbl*8« His^ brothor 9a ve liii 5 .sore 
Mcblts. low ■any Barbl^^^aoas John Ji«f« bov? 

•hlcb of the folloving coald be as^^ tp soJlva the 
•tory probl.«B given above?^ f ^ 

a. . 13 - 5 - ' b. 8 - 5 » 

' . d ♦ 5 « . d. 8 X 5 « 

fi£liS_X: Si^ppose that an operation * on any nuab^rs & k is 
defined by a •bp a* (a z b) • then 512 egnai^ 



a. 10 b. 12 . c. 15 d. 20 

Grade 10 ;' 1/8. % of H » . f \ 



a. O.300125N b: 0.0012511 c« 0.8M d. 0.08R 



it 



B.4.. .Ibility. to Read and Interpret a Hatheaatics Pcablea 
The ability to actaally solve aatheaatics vord probleis db longs 
at the Analysis ^ leTel. Ihile the skills invdlved la this 
subdategory* are a necessary step to solving satheaatical 
probless* th«y areiUot sufficiwit. Accordingly, they belong at 
the CQspcehension level. . ' ; . y ' 

* ItfBs for this category say involve probleas where reading 
and interpretiog ' the ^question is tbe difficult jj^rt of the 
solution. That is, the sanipiUEations of the prpblea eleseats ^are 
sot difficaltf but the coaprehansion of vhbt elesents to 
sanipulate say be. This category say al^^ include iteas Nhere 
the* student is required to ansver questions about a problaa and 
hoe to solve It, but is not required to produc^the solution. 

- * ^ 0 ' ■ . • • ■ 

Bia«pX»8 

filijs.j|: It is true oar sua is 60 

And ve differ jast by 2 ^ ' / 

If yon tant to find out saaes ^ \ 

f Soae thiniing you sost do* 

f HO AHJe^ IE? 

ihic^ of the folloiriBg is true about the snaliars in 
the story given above? . r ' \ 

' •• ' ' ' \ j 

•« Both nnsbers iott be less than 90 

b* Both Bvsbers jiivst b^e greater than 39 
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c. only on« BQab«r ■ust h» qtmuUx ihao 60 y 

d. Oaly one unrnttrnt Bost be 1«S8 tkiiQ eo. T N 



fillflsJ: Br*. Brcmi Iwoght a tabla at a sal«. n« prise tag 
/ »ta^ed thai the orlqiaal price was 160. The tables 
were selling at a 20% discqunt. lhat was the aB;>aat of 
the, discount? Cinsver the qnestion below; dj not 
solfe. ) • , 

•hich of the fallowing is true about the story probles 
given above? , \ 

. * a. Hcs. Brown paid $60 for. the table. 

b. Brs* Brown paid sore than $60 fjot the table ) 

c. Mrs, Brovn paid le$s than $60 for the table 

d. Brs. Brown received a discount of $20. 

fi£iSi«-JO; Hhat whole nqsbers sake the fojlloHing sen tence. tcue?. 

5 < M ♦ 3 < 10. 
a. ■ < 10 b. > 5 

c. 5 < M < to : d. 2 < P < 8 • 

£a. InfllTgjgi. The Analysis level includes ite as that require 
a sequence of responses froi a student. It is this **segaence of 
responses" that disiingiilihes this level froa the other two ' 
levels. As with the fir^t two levels, A lysis- level beadviors 
are closely liaJced to a course of study, and Analysis-level 
itess should ba sipilar, bujL aot identical/ to iteas studj^ed in 
class. . 

C.I. Ability to Solve Boutine Probleas: In its sisplest; 
fora, an itea at this level would , reguire the stud^irt ^to select 
and utilize an algoritha. The iteas say be Bade moti ccaplex b>^ 
'involving the student in selectiag a priaciple or riie, in 
Choosing the appropriate algorithm (s), or selecting the pcoper 
•eguence of steps ^o be followed. J 
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BiMples ' 
Ny . • , 

iCAdJLj: Swn had t«td\ 62 pages of a book. TKen she raacj 25 
■bre pages. Bd* ^any pages of tire book has she r^ad? 



87 



b. 37 



62 



d. 25 



A class of 48 ptipils decided to ispoae a . bo3&>loss 
insurance fee based on the a?erage book price of *2. UO 
and the rate of loss in the preTious year of i*' books 
lost per 2H pupils, lhat fee should each pupil, be 
chargad in order to c^ver the total expected lots for 
the current year? • 



«. SO.dS b. $0.30 c. 10.80 d. $0.90 

filMS-lS.: Brs. .Bolahd bought a fur coat priced at $50J. ih 
t sa^es tax ifa^ sad the luxury tax on the codt tia 
15X. that eas her total bill? 

«. S519 b. $586.50 c. $595 d. $^90 



e 
s 



C.2. Ability, to Analyze Data:. This sjibc^ tegor T,.J*rOlf es 
reading data, interpreting data, organixing ^dSta/ saking 
decisions sbout data', and drawing conclusions bas«a on the data. 
Such abilities ar€ necessary to separate a pr/^bles intj its 
^oapopent parts, to distinguish relevantrTnf orsatiou froa 
•xtraneoo's inforsation, and to coanect the /sub-probless shich 
have already, been solfed in order to solve the stated probiea. 



grade } : 



\ - 

Race horse 
Deer 

Hoaing Pigeon 
Cheetah 



Exaaples 



6U 
80 
100 
110 



ka/h 
ka/h 
ka/h 
ka/h 



A hoaing pigeon was taken «00 ka froa hoae. Ab^ut hov 
■any hours nould it take the hoaing pigeon to fly back 
hoae? 



d. 6 



rive spelling t^sts are to be given in Deaniia*s slass. 
Each test has a value of 25 points^ Otanna's average 
for the first four tests is 20. What is the iosest 
•cofe she can get on the fifth t^st to have a 75S 
sverago on all five tests? 
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b, 14 



C 15 



d. 20 
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Illif-JQ: Harriet wanted 6 pairs of socks. Store X sold thea at 

2 f**^; >1.25; the sa|w ftrand sold in store i at 3 

( ] To be sconoaical, vhat should iarriet 

do?. . ■ 



a* .,Bq^ the socks at Store Z 
b« Buy the socks at' Store T 

c-. Buy the socks at either store; it safe^ no 
difference. 

d. . It cannot be detc^rainel froa the facts given. 



V 

ibility to Becognize Patterns: The student aay be 
required to recall relevant iaforsation/ transfora ptoblea 
eleaents, . sanlpulate the.problea eleaents" into a seguensa. and 
r«cognixe a relationship. Basically, the student Is requicfed .to 
find sqsething faailiar in a set of data. ^ i^eguicfea .to 

Exaaples 

itUL4a-3: flary had f^r. pieces of paper with the nusbers 1 to 1 
written on then as shoyi. 

I — - — I I 1 I -"1 I 1 

I ^ I I 2 J I 3 I I n I V 
• 1 I 1 1 I , 



She Bade a list of all^the 2-aigits nuab^r^ she could 
sake with the pieces of paper, Hhat nnaber is aissiud 
fros her list? 

12, 13, 14/21/23, , 3i; 32, 3<l, HI, 42, HJ. 

s. 22 b. 44 c. 211 d. 42 

flULi^g Z* In an lection 356 people ?ote to choose one oi five 
candidates. The candidate^ with tost totes is the 
winner. What is the ssaUest nnaber of wotas the 
winner could receive? ' 

•.179 b. 178 c. 71 d. 72 



tCiflftJIfi: The last digit in 4«o i. 



2 q. 4 a« 6 



^ llfiJEJlUaiififi 

■ost of the itei« for a givan grade .MLr« davelopad by a 
teaa . of clasarooa teachers, ■ithaaatica saperilsors, • and 
■atbeaeiUiCA educators during a veek-lonq erltisg •esaion. Each 
itea thliki^fnt -tbroogb a tbrej^ level validation process. At e^ch 
level tbe^itfas were sccotinized asing the following criteria: 

. 1. Would success on the itea be a valid indication of 
_ B^stery of the objective? . 

•» 2, las the itea apprV^iate for specified grade- IdTel? 

3. Did the itea aeet all of the restrictions co^aiaed in 
the Aaplified Objective?, 

/ ■ . 



V 



<!• las , the itea properly cat.egorized with respect to 
cognitive lerel? s ' ' 

V ■ r' 

5. Vas the itea clearly written? 

Each pair of itei-^ writers vais rlTsponsiblv for a s^tbcific 
strand, and they conducted the first level of validation of the 
iteas for that strand. The second tfalidation vas doaa by 
another pair of itea writers at the 8|aegrade^ level. 

After the itea writing session vas coapleted the third 
validation wa6 performed. This was done by the aeabers of the 
project teas who were not involved in writing tJre iteas. Ite^s 
tliat survived this validation procedure Vere then prepared for 
field-testing. V 

fieferenoes 
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STATXSTICAI PBOCEOOBES 

In additioo to the constraints isposed apon HAT^ itei 
^•▼elopient and validation proca^ores by pedajjgical 
considerations such as t^ose discussed earlier, there were 
•eferal isportant psychosetric considerations as Melx. in 
particular, it was intended that 

1* the tests vould provide greatest precision for seiajring 
the achieveaent of students at the pass/fail leTel, 
since classification errors -at /this point are sore 
•licrious than at other grading locations, apd 

2. by placing all tihe itess for a gifen grade. on a cdaaon 
scale of difficulty,, scores obtained on different tests 
■easuring perforsance on th.e case content would be 
directly coaparable. 

It vas apj>arent that traditional ▲ saaple-depenlent 
approaches to test developsent sera inadequate 'to aeet these 
conditions. Instead, procedures derived froa latent trfllt thg?rY 
eere proposed as a aeans Of creating tests having the raauired 
characteristics. 

" USfittiJUftilJloiiis 

f Two latefit trait aodels were investigated for their 
potential application in the BIT Project: thd three-paraaeter 
■odel, aud the one-pataieter aodel. In the foraer case, the 
probability that a person of i given ability will correctly 
aasver an itea Ls assuaed to be a aon-lifiear ttunction of three 
paraaeters:, the difficulty of the itea^ the itea discriaination, 
and the probattiilty of obtaining the correct answer by gua&sing. 
In the one-paraaeter iodel, the' perf oraance of an indtividaal of 
a given ability (is assuaed to be a function only or the 
difficulty of the itea. ' 

An eitensive review the literature and discu'ssions vith 
■easureaent specialists who were a stive la the area of latent 
trait theory ladT to the adoption of fhtf one-paraaeter aodel* 
Although the three-pataaeter Bodal probably yields a * truer" 
^ctuirc of the testiig situation, there ate Buaoar of 
■aresblved issues concertting its use* For •laaple, the 
suitability of the procedures ssed to estisat^ the paraieters 
>aa aot been .a^agnately deaonstrated. Horeover, the inelusxon of 
a guessing paraabter in the iodal is iot defeasijble for orpen- 
ended ^questions which were originally planned to^conAUtute a 
portion of the itea bank. Renoej^ nXthpugh the one-paraaeter 
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■ odel requires assuming that all of the iteas have siailar 
discriainating power and that the probability of success du any 
Ilea tends to zero for students of very Ion ability it Mas 
concluded to be the acre useful of the t.o aodels. The 
successful lapleaentation of an itea-bank project in Portland 
Oregon based upon the one-pa raaeter aodel also facilitated the 
decision to base the flATP itea bxuk upon it as well. ^ 

lll£_lisch_5ij£le_lt^sti,c_]iodel 

The model used in derelopiag the HATP tests is basea upon 
the conceptualization of the aeasureaent situation put tamard 
in the 1960 's by Cec*rg iasch. Basch argued that the best that 
raw scores or percentages on a test can' do is rank studeuLs in 
order of achieveaent. Ho-erer, if one wishes to coapire the 
perforaance of tuo individuals, percentages indicate only irhich 
person perforaed better, not by how aucb better. For exaapie, if 
person A obtains a score of tOX on a test and person B obtains a 
score of 30%, it cannot be concluded that A achieved twxce as 
■ell as B. If such a conclusion aere warranted, what woald be 
the score of person C be who did twice as well as A? 

In settina up the podel, Easch atteapted to baxld in 
several desir^le characteristics. First, the relative 
perforaances of ^ two individuals should be uniquely deta.amed 
regardless of the iteas used on the test. Se-ondiy 
quantification of the relative difficulties of twa iteas should 
not depena upon the abilities of the persons to whoa thay are 
adainistered. Finally, if one person is twice as aole as 
another, the more able person shDuld solve a problem twice as 
difficult as one given to the other person with ta^ saae 

"expenditure of effart" as the less able person needs ta exert 

in order to solve the less difficult. 



Basch alsD wished to incorporate in his model ^ feature 
relating person- abi li ty and itea-dif f iculty such that, tor a 
very capable person faced with a very easy itea, the probjuility 
should be very nearly one that the person would obtain th? 
correct answer. Also, if an itea were neither too difficult nor 
too easy for the respondent^ the outcoae would be uncertain, and 
the probability for a correct solution should therefore ha about 
0-5. In other words, there should be about a 50-50 chance of a 
correct answer- 

A probability function aeeting the requxs^ments sujyested 
by Basch is the following; 

a(s) - d(it 

e 

P(si) 

■ («) - d(i) 

1 ♦ • 
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where, P(si) is tk4 probabdlity that person s coirectly 
answers itea i, ' 
• Is) is the ability of person ft, 

is the difficulty of Itei i, and 
e is the base of natural logarithis. 

Suppose that a test consisUng of 40 ifceis is adiinistered 
to a saaple of 3C0 persons. The coaputer prograa, BICAL (•right 
and Head, 1978), nay be used to astinate the difficulty, d (i) 
of each itei and the ability, a(s), of each person. All persons 
obtaining the saie ran score, t, are assoaed to have the saie 
ability. The co»»on scale underlying both a (s) and d(i| is an' 
• qual-mterfdl scale ranging, in theory, froi positive iafmity 
to negative xnfinity. The unit of 'neasure for each paraa^ier is 
the logit and, in practice, the usual range for each paraaeter 
is approriaately -a to logits. legative values f^c a (s) 

indicate lo* ability persons, and negative values for d(i1 
indicate easy iteis. . 

A siaple aanipulation of the lodel gives the following 
odds-on-success, 0(si), for a given indivi(Judl faced Kxth « 
particular itei: 

a (s) - d(i) 
0(si) = e * 

nature of the egua 1-interval scale nay be seen by 
•laaming this foriula. Suppose persons X, I, ' and z have 
abilities of 1.30, 1.60, and 1.90 logLts respectively. lote that 
the difference between I and T, and between I and Z are equal, 
nanely 0.30 logits. %oyt suppose that each is faced with an itea 
of difficulty -0.20 logits. The odds-on-success for person X 
would be ei.io - c-o.,oi = ei.«o= 4.50. siailarly, the oJis-on- 
Buccess for persons T and Z would be 6.05 and 8, 17 respectively. 
The odds-on-success for T coapared to those for L are 
6.05/4.50 » 1.35 tiles as great. The odds-on-success ror Z 
coapared to those for I are 8.17/6.05 « 1.35 tiaes greater. 
Hence, the agual Intervals on the ability scale yield egual 
ratios for odds-on-success. In other words quantifiable aeanin'g 
has thereby been given to the assertion that one student is 
"twice as able" as another. 

There »re several other advantageous properties of the 
nodel atad these have been in vestigia ted and supported throjjh the 
analysis of real data. First, within reasonable liaiti> the 
Mtinates of itea difficulty are independent of the •ait'le of 
persons naed to calibrate the iteis. That is, regardless of 
whether a aanple consists of high ability or low aoility 
■nbjects, the difficulty value assigned to any qiven itea will 
be t»e sane. This is in\direct contrast to the traditional nadel 
which awes the p-valu^or percentage of correct response xn the 
population tested as anVindex of the difficulty of an ite«. 
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Seconaiy. •stiiates of a person's ability Bay be outdioed 
froa apy collection of preTiously calibrated iteas. nithin 
Halts, two persons aay be assessed using coapletely diiiarent 
Iteas, and the' estiaates orf their abilities will be directly 
coaparable. This characteristic is particularly desirable xn the 



is to aatch Iteas to persons. Low difficulty iteas are best 
suited to aeasuring persons of low ability, and high difficulty 
iteas give thp aost precise- estiaates of the abilities ot high 
achievers. Using iasch-calibra ted iteas, such tests can be 
constructed and the two abilities coapared on the coaaon scale. 

Closely related to the foregoing is the aatter jf the 
standard error of the ability estiaates. in the Basch aod-l, the 
standard error of ability is saallest for leisures derived froa 
central scores, becoaing larger as the scdtes tend; towird the 
extr^aes. Thus, the best estiaate of a person's ability aiil be 
obtained froa a test containing iteas for each of whicii the 
probability of success for that individual is 0.5. Oa very 
difficult questions the problea of guessing aay cp,nfouad the 
issue, and on very easy questions the"* problea of bored^a aay 
arise. Hen::e, if the intention is to create a test whi;n best 
aeasares the abilities of low achievers, iteas ha vift^ low i evels 
of difficulty should be selected froa the itea pool*/ 



A fundaaental reguireaent in the creation of flin itea bank 
is the deterainat ion of the diffirjulty of each coaponent itea on 
a coaaon scale. By definition an itea bank consists of a large 
suabcr of iteas- Since each student in a calii^ration ^aaple 
cannot be expected t6 respond to all-^teas conteiplated fjr the 
bank, an alternative procedure using the respons^^s of different 
students to different sets of iteas aust be eapl%ed. It is hete 
that the power of the Basch aodel is realized. By utxiiting 
blocks of coaaon iteas as links between diffet^nt test^, the 
difficulty values of iteas Bay be interrela ted i Various linking 
pp<^dDres were used at the thre? grade levels for which iteas 
ifere developed. The calibratibn procedure for the Grade 10/11 
iteas is described here in s6ae detail as a coapreurfusi ve 



Three atrands were required for Grade 10/11: Iljebra, 
Ceoaetry, and Consumer Batheaatics. Initially, th€ iteas in each 
strand were calibrated ladependeatly. k coMaon procedure was 
followed for aach strand, and that procedure is represented 
diagraaaa tically in Figur©^5,> 

A, -i, C, D, and E repreaant five test booklet, •aph 
containing 40 iteas froa a slagle strand. «ach booklet consisted 
A of four links or blocks of tan itaas aach. Bach of tue ten 
blocks of itaas - a, b, c, . . -"linked two booklets. As a 

rasnlt one hundred iteas sere calibrated in ten links ^f ten 
iteas aach. 




banks where the bbjective 



Ilie_It£B_£ftli^ation_££2£edure 



< exaaple. 
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Figure 2- Linking network for iteis in a Grade 10 strataa- 



A provincial probability sample of 1500 students was 
obtained for each strand by selecting an appropriate ntuijer of 
Grade 10 classes^ stratified by geographic location and sjize of 
school^ as follows: 

K 111 scfcyjols in the province which contained Ci^asses 
completing Grade 10 Ha the la^ticfe in the first Si^aester 
werp/ sorted into sii geographic zones* The saipie si2e 
chosen in each xone was proportional to the raported 
Grale 10 enrollient as of Sept^nb^r 30, 1978- 

2m Vithin ttach zone, schools were ranked in order oi grade 
enrollaent, and the •stiaaited iiuaber of classes ia each 
school was also listed* This estiaate was based on the 
average district class size f dr aach particular gcaie. 

3« Viihin aach tpna, grade size strata wara defined m such 
a way that, within •ach litratna, two or tkr^e ::lasses 
would be selacted« This ensures that schools all 
sizes ware raprasantad in the final saafia* 



24 



(*. Within •ach atratua the first class Has salacted 
randoaly while the ■•cbnd (and third, if aecessdr/) was 
aelected systeia t ica 1 ly. this ensured that the schools 
selected represented' the larger and the saaller fijiiools 
within each size stratua. 

5. within schools, priacipaLs wtsre asked to select classes 
, by a rahdoB procedure del^crlbed in a letter ta thea. 
Host schools were asked to select only one claso but 
soae of the larger schools Were asked to select two or 
a 01 e. 



The return rate was approxiai tel y 175 per booklet, well 
below the design letrel of 300, probably due to inaiaguate 
inforaatipjit^egirding sesestering. The entire procedurii was 
rep^dted at 5the end of the second seaester with a design saaple 
size of »00 f^r booklet. Is a result, an average of «57 returns 
per booklet were available for calibration. 

The responses to each of the sixteen different Grade 10/11 
test booklets were first analyzed by the conputer piograa 
(lielson, 1974) using traditional itea analysis techniques. a»yt 
reliabilities were typically around 0.8^. Iteas were identified 
for closer content analysis if their results shosed one ol aore 
of the following charaqterist ics: 

1. the I point-biserial correlation for the correct resiyoase 
was less than 0.20; 

2. the point-biserial correlation for an incorrect response 
Has greater than 0.05; 

3. the percent correct response was considerably lower than 
the percant choosing one of the di-ktract ors; 

U. a distractor was selected by less than one perciut of 
the respondents. 

Sowr much iteas were oaitted antirely froa any further 
considera ti on ,^ soae were set aside to be sodified and caUbrated 
at a later date, and soae were retained as tested becajse of 
their content validity. A saaaary of the results is gxwen in 
Table 1. 

The reaaining iteas froa sAch booklet were si^bjectkd to 
iasch calibration osing the coapnter prograa BICAL (Hrijut and 
iead, 1978). This prograa generates several statistics which 
indicate whether or lot iteas fit eell with the rest jf the 
collection. Such a lack of fit sight occur when students guess 
at th<^ correct answer or, perhips, when tha sordiag of lu itea 
di acriaina tas in favor of a particular sub-group of persou:>. The 
critical statistic ased for deteraining lack of fit was ta^ 
fClH-UaUltt, with expected value of 1.0- An itea was rejejt^d if 
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Table 1 




^uaiary of Iteas Delated - by Straud 



Wuiber of Iteas 

' t ■ — 


Algebi a 


Geoaet ry 


Consaaer 
HathttAiit ICS 


Piloted 


100 


100 


IJJ 


S«t a&ide for •odification 


^ 8 


1 1 


6 


Deleted (LERTAP) 


0 


2 




Deleted (BICiL) 


0 


1 


1 


letained 


92 


66 





its fit eean square exceeded 1.0 by three standard eriijrs on 
•ach of the two foris on »hich that ite» appeared. The final 
aaaber of retained itess is Bhoi;i in Table 1, 

Having decided which iteas iere to be retained in tha bank, 
the next step was to use the links to bring all calxorated 
difficulties to a coiion scale, Pigure 2 above shows booklets A 
and B connectel by the ten linking itess in link ft. sinca A and 
D contain itess of varying difficulty, and since the b3:)kclets 
• re calibrated indc pendent ly » the difficulty of ^ach i.L«a in 
link ft will be assigned two values: one resulting fraa its 
inclnsion in bookie* A and one froB booklet B. However, because 
of the squal-interval scale underlying the sodel, one Srft of 
difficulty values say be taken as the standard, say tho^e for 
booklet A, and each jralue for booklet B say then be adjusted by 
the saae aiount to bring all the iteis into line. The aa^jnt of 
•djustient was deterained by first averaging the difficulties of 
the linking iteas as detersi ned , f rofa booklet A, then' avarajing 
the difficulties of the 1 inking fi teas as deterained froa ijjjklet 
B, and- finding the diff^r«nce between these two seans. This 
difference should be constant for all ten pairs of dif£i.CJlty 
values, within ' a war gin of #rror. If any difference exjeeded 
that sarqin, thp itea was oaittai froa the link «nd a new 
constant calculated. In this way the developaent of -table 
linking values was ensured. The result was a direct, jue— way 
link froa A to B. 

As a additional check, tkrec^ '^possible tvo-vay ixaking 
valQAfi ver^" calculated: 

— > c A — > D and A E — > 

Tkase tkr^r values were awaraqed atd the average of that value 
aad tho ^one-aay value «as Qsad to deteraine the final ixaking 
constant «for •ach fora. 
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it^. 'iwil^'i^^* appropriate li.king constant „as added to «4ch 
ite. dltficolly to obtain the final calibrated diffxcultv 
P^ra.eters. The result vas three independently calibratea sets 
ot iteas: Algebra^ Ceoaetry, and iTonsuagr flatheaaUcs. 

In atteapt was aade to <?yiibrate the Grade 10/11 Iteas on 
the Baae acdle as the Grade 7/8 iie.s. This possibility wds 
In^eKtiqated by aeans of a Bi.teenth test booklet containi^uq ten 
Ite.s troa .ach of the three Grade 10/11 .trands, viz. cna itea 
fro. each of the ten links within a stVand, and ten ite.;. froa 
the prtTlously calibrated Grade 7/8 iteas. The feasibility of a 
tie-in jrith the Grade 7/8 ite. bank .as deter.ined by exiaining 
tb.. calibrated values of the t^n co..on ite.s. If each p.xr of 
calibrated values differed by a constant, .ithin a^:artain 
■argin of error, the inter-connection wonld be feasible. Using a 
■arqin of three standard errors it .as found tkat 6 of the 10 
Ite.s failed to behaTc as required. Three .ere .uch ©asier than 
hdd bee||predicted by the Grade 7/8 calibration, and three .ere 
■ore difficult. Since .ore than half of the ite.s failed to et 
the criterion, the result .as judged to be sufficiently .ejative 
to reject calibrating the Grade 10/11 itp.s on the GrAe 7/fl 
BC d 1 e • 

The Bixteenth booklet, .hich contained ten ite.s froi each 

rr-H^'^'in/iV'' /^^S ^^^^ hypothesis that all three 

Grade 10/11 strands could be calibrated on the sa.e scale. Using 
the pro:redure outlined i. the preceding paragraph for coa^arxng 
ite. difficulties, the difficulties of the ite.s in eacu group 
of ten .ere .atched .ith the difficulties as deter.ined by the 
scale of the appropriate strand. The results of this procedure 
.ere positiye; only one ite. failed to .eet the criterion. Tais 
.as judged to be acceptable, and all thrive strands .ere 
calibrate! to the sa.e scale using the constants derifeJ fro. 
the final booklet as linking values. 

In all cases, the original logit s-ale .as transfor.c>J into 
a .ore convenient one. The transfor.ed nnit of .easure .as na.ed 
the BRIT; (BBitish ColQ.bia unlT). The centre of the scale .as 
Kft at 1000 and each logit .as «©t: .qua! to 100 BBlTs. ite. 
difficulties on the new scale ranged fro. 700 to 1200 ddlls 
appi oxi.ately. 

finally, an atte.pt .as .ade to •stablish letter grade 
boundary values on the BRIT «cile. Each taach^r in th^ pilot 
testing procedure provided a letter grade for each student. In 

■ aking their decisions as regards these latter grades, taachers 
■ere asked to consider only the students* achieve.dut in 
■athe.atiCE ani not to take into consideration such factors as 

■ otivation, .ork habits, and the Uke. In parU(!lclar, the 
teachers .ere asked to consider .iz di.ension. of ichiffvp.ent 
and to use the. in deciding .hich letter grade .hoii-d be 
assigned to sach student. The six di.ensions ..re: 
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I. ichxeveient in «olfing aatheHatics piobleas. 

II. lchie»eient in perfoning routi^ne ■atheMticai tasks 
(e.q,, arith»etic skills) - 

III. Achieveient in grasping new latheBatical concepLs. 

IV. lchie»eient in aaking '^■a thcMtical qeneraliiati:)us. 

V, Perforaance on ■athenatics tests, 

II. Perfonance on Batheaatical quizzes and ev^ryday*^ 
assigpnents. 

These assijned letter grades were then translated into four 
variables, dichot onously scored/ yielding the k/h, B/C, c/?, and 
P/F cut-off points, respectively. They were treated as any other 
Ites and calibrated onto the BEIT scale- 

lest Cpnstrqctipn P|^gce(^ufe 

In Selecting the itess froi the bank for the Strand Tests, 
two factors were borne in sind. The first ai>d lost iipjrtant ' 
criterion was content validity. That is, it was necessar / that 
the objectives related to each strand as ^fine^ by the 
curricului guide be fairly represented- In every case, a 
judgaent was sale as to a fair weighting of the objective^ and 
this was reflected in the nusber of itews selected fo. each. 
Secondly, the tests were designed to yield the lost precise 
Measure for students on the borderline between succass and 
failure. To seet this reguireaent the itcis selected were 
generally taken frow t|he lower difficulty and of the scala. 

Having selected the specific forty itews for each itrand 
Test, a conversion table of raw scores to i^sch ability scores 
on the BRIT scale was detersined; that is, each score frjj 1 to 
39 was assigned its corresponding BRIT value. As witn any 
■easureaent process, each leasureiant is subject to oncerLiinty; 
in the Rasch wodel the standard error of the ability scasure is 
least for scores in the centre, Issuiing that each raw scjre was » 
centrally located in a confidence interval of f2 stiodard 
errors, the previously deterwinea grade cut-off levels w^re uaed 
to deterwinp raw score range*; for each grade level. This 
Inforaation was suaaarized in pii^torial fora as shown in fiaure 

3. ^ 

\ 

\ 

In order to verify the sppr opriatenesls of the jrading 
procedure, each of the final Brade 7/8 Straad Tesr^ was 
•dainisttrel to a probability saaple of 1000 Grade 7 students in 
June, 1979. It was *opad that this procedure sould confica that 
the inforaation to be provided to test \|sers was raliable, thus 
freeing th« tast devalopers froa the necessity of using a 
separate aoraing saaple to obUin letter grade inforaatioa, and 
resulting in considerable •coo3Bies of tlse and soney. The 
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POSSIBLE 
LETTER GRADE 

MOST PROBABLE 
LETTER GRADE 

P OSS IBLE 
LETTER GRADE 



PROVINCIAL 
MEAN SCORE~ ^ 



Figure 3. AssigiiBent of letter grades to ran scores. 

(Grade t^Algebia Test) 



resQjts »ere satisfactory in teras of the traditional pomf- 
biserial and reliability indices, tad in predicting tne Bean 
•cores on the tests. However, a serious discrepancy was evident 
bctMeen the nuiber of respondents scoring in each grade cateqary 
and thp ttuiber predicted froa the ^odel. ictual perforsdnce on 
the t«sts was considerably tore peaked than had been preaxcted. 
Typical findings are displayed in Table 2, 
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Table 2 

Discrepancies be^.ween Predicted and obtained Grade rregoeacies 

Grade Suggested Bav Predicted % Obtained % 
^Score\Banqe of Hespondents of lespondentj 



A 39-40 10 2 

B 3S-38 • 22 11 

C 23-3U . 3u 52 

P 11-22 21 32 

P O-10 ij 3 



The prohyea nas resolved through discussions irith tdrious 
persons experienced in the application of the Basch .odei. and 
l»y a re-analysis of the procedure used to generate the ietter 
''''J^.''?^"''^^ scores, it appeared that the difficulty lay m the 
probabilistic Mature of the aodel, as is illustrated la the 
tollovxng ezaaple. 

Assaae that the calibrated difficulty value at the k/a cat- 
off point is 1200 BBITs, and that a test ofMust one ite. of 
difficulty 1200 BRITs is administered to a saaple of 560 pacsons 
with Itue abilities as shoiin in Table 3. The probability of 
success on the itea for each person at each ability lavel is 
given in the second coluan. Multiplying the probabiUcy of 
success by the nuaber of students at each level yields the 
expected nuaber of perSons who will be successful on the itei. 
Is a result, ninety-seven persons, i.e. 17f of the saipla, will 
likely answer the ite. correctly or, *in the earlier 
conceptualization, be judged as A-stadents. Bowever, tite true 
nuaber of A-students in the saiple, that is those wita true 
ability levels of 1200 or above, is 60. This is just aleven 
percent of the saiple. It appears that the estiaated nuabai: will 
always exceed the actual luiber for the extreie grade Icvdis, i 
and F, whenever the saiples exhibit eoreal or nor«Ai-Iike 
distributions. 

^ 

The failure of the procedure to yield valid cut-off scores 
posed a serious problea. For the Grade 7/8 t^ests, the results of 
the noriing study could be used to establish score ranges 
yielding the observed percentages In each grade category toased 
on the teachers' judgments. However, for the Grade 3/4 anJ 10/11 
tests, this option was not available since no nor sing studies 
•ere carried out at those grade levels. 

An alternative procedure was therefore Investigated. For 
each of the sixteen test forsa which were used in lay 1^79 to 
calibrate additional itens for tht three iten banks, the section 
of the BICAL output showing the aistrlbution of person scores 
was isolated. For each fori, the sbility scores were adjusted to 
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Table 3 



Probable Proportions of a ioraal-Likc Saaple 
■Passing" itcM A/b of Difficulty 1200 BfilTs 



True ibllity 
Level (BniTs) 

700 
BOO 
900 
1000 
1 100 
1200 
1300 



Probability of 

Success on A/B 

0.01 
0.02 
COS 
0. 12 
0.27 
0. SO 
0-73 



luibcr in 
Sa iple 

20 
40 
100 
2U0 
100 
40 

560 



Probable Muiber 
•Passing" itai a/b 

J 
1 

b 

27 

20 

97 



• coMon scale by subtracting the lean ability on that for.. 
Ability scores for tho eati re . si .pie of approxi.atel y 6600 

51!^^^%/^ .^^'^^ aggregated into a frej^eacy 

distribution, snd the cu.ulatite percent frequency diBtrx^ution 
•as graphed. Osing the teacher esti.ates of grade distriuu tions 

to fll nr.r^K ability scores cor^^espandrng 

to the grade boundary points were esti.ated frc. the aoilitv 
ogive. This graph is shovn in Figure a. 



r 




1100 



Figure Th© nnr of the cuBulative frequency distribution 
to •stablish grade cut-off scores. 
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. «»su»ption that the distribntua of 

abilities on .och Strand Test replicated that on the agjreqdte 
of iteas, the ability cut-off scores were used to establii^h taw 
score boundaries on each test. 

The revisea cut-off scores for Grade 10 Algebra are shown 
in Figure 5 along with the original cut-off scores. The greatest 
discrepancies occur at the extreaes. Grade lewe} categorizations 
based upon the original values would have onderestisated the 




Figure 5. A coaparison of the original and revised cut-j£f 

scores for Grade 10 Algebra. 



■naber of low ability and high ability students- In qenerax , the 
lower the school grade lewel, the 1«5S serious the discrei^i ncie s 
b«cawe, ranging froa 5 raw score points for the F/P cnt-jff in 
the sisaplp given, to a difference of 1 raw score point Ijr the 
•ase cat-off point in the Grade 3 Sets and Huabcrs test. 

The inforwation obtained in the norrfing study for the Grade 
7/8 tests was awed to validate the foregoing procedure. Thp 
qrade distributions froa the calibration saaple were a^ed to 
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T.sts in the .or.ittg M.pl.. Tfce r.sults .re .ho., i. T«bi« «! 



CoBparison of 
Calibration Ogive a 



Grade 



In tertal 
f roa 

Ogive 



Table 4 

Crading Intervals Suggested by the 
nd Those Obtained in Ue iorning Saa^iie 

* of Target Closest Mew 

Sanpla % Available laterval 



5sls ind JLaibexs 

B 29-34 ■^ 

C 22-28 

P 16-21 

F 0-15 

fiPlialisns with fhgle 

A 37-ao 

B 32-36 

C 26-31 

P 21-25 

P 0-20 



118 

26 0 
343 
193 
85 

168 
307 
309 
157 
82 



11,8 

26.0 
34.3 
19.3 
8-5 



16.4 
30.0 
30.2 
15.3 
6.0 



CPeiatigfis fitK gatioBgl lunbers 



B 
C 
P 
P 

A 

B 
C 
P 
P 



36-40 
31-35 
24-30 
18-23 
0- 17 



199 
215 
261 
172 
183 



151 Itea^ftlenl 
36-40 137 
31-35 



24-30 
18-23 
0-17 



250 
338 
209 
123 



19-3 
20.9 
25.3 
16.7 
17.8 



13.0 
23-6 
32.0 
19.8 
11-6 



A 


35-40 


142 


12-6 


B 


. 30-34 


225 


19.9 


C 


' 22-29 


416 


36-8 


P 


16-21 


203 


18.0 


P 


0- 15 


144 


12.7 



10-2 
21,6 

\3ir/4 
21.2 
12.6 



10.2 
21.6 
34.4 
21-1 
12.6 



10-2 
21.6 
34.4 
21.1 
12.6 



10.2 
21.6 
34.4 
21.1 
12.6 



0. 2 
1.6 

i«-4 

1. 1 
2.6 



11.8 
21.6 
34.5 
20. 0 
10.2 



12. 3 
21.7 
35.3 
19.4 
11.3 



10. 7 
22.3 
35.4 
19-0 
12.6 



13.0 
23.6 
32. 0 
19.8 
11.6 



12. 6 
19-9 
36.8 
1B.0 
12-7 



3^-4 0 
3J-34 
23-29 
17-22 
J-16 



3d-40 
3-4-37 
2d-33 
11-21 



3J-37 
23-32 
ltt-22 
J-lb 



36-40 
31-35 
24-30 
ld-23 
J- 17 



3D-40 
3J-34 
22-39 
lo-21 

a-ib 



/ 
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On two of the tests - Applications, and Geoaetry and 
Haasareaent - the intervals suggested f roa the calibrati.>a and 
those obtained froa the noraing were identical. On Sets and 
luabers, the A/B cut-off vds the saae while the reaainiuj ones 
differed by one unit* For Operations with Hhole luaber^ and 
Operations with fiational Muabers, the cut-off points diffaied by 
one or two units* At the critical P/P cut-off point, S^zs and 
luabers ahd Operations vith Ihole luabers were sja^nhat 
conservative. The only area of concern wight have been tne P/F 
cut-off for Optr<jitions vith Rational luabers, but the region of 
uncertainty for the P interval extended well below the ••true*' 
P/r cut-off. 

On baldnce, the intervals deterained froa the (raliuratioa 
ogive would appear to be reasonable. A siailar procedure, 
without benefit of the noraing study that was eaployed at the 
Grade 7/8 levels was used to establish grade cut-off points for 
the Grade 3/a and 10/11 tests. 
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Appendix A 
DEriMITION OF f! ATP STRANDS 



T 



1 

Table 1 
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Defiaition of hatp Strand: 
SETS IND lOHBEHS 
Grade 3/4 



Objective Code Stateaeot of Objectife ^ It^. 

During Year THBEE the student: 
^•2* leads and writes in^BeraXs to 9999 7,11,19,33,36 



J. 3 



Uses expanded notation in renaaina 3 ij irf 
to 9999 ' ' 
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^•"^ Understands the place value of 2 d 9 12 in 

. .a.erals to 9999 i;,:i:J9:li: 



32,38,39,40 



3. 10 

I 



Recognizes and uses correctly the 6,2j 
following tens: odd and even 



Identifies unit fractions of objects 5,lJ,23,34 

and sets. Beads and writes equa- 35 ' ' 
tions using these fraction hawes 

^•^^ Is able to rounl off nawbers to 4 17 24 37 

nearest 10 or 100 ' ' ' 

3.2S Skip counts by 2's, 3's, 5»s, lO's 15,25,26,30 

^•^ ^ Dses ordinals to twentieth i,2d 



^uid";' '"L'lf ^"ll';^ ' ^^^^ ^ objecti.es in the .ar^rxculu. 

^MiL^i^;;o^ 11-12- The year 2 objective (2.:*) .as 

^pmcluded for coipl e teness. * »*s 
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Table 2 

Definition of MATP Strand:' 
OPEEAIIOSS ilTH IHOLE lOHBEHS 
Grade 3/i| 



Objective Code Statenent of Objective It«« Uos, 



During TEIH THBEE the student: ' 

^•1* lec^niles and uses the synbols 2 

~, and X 

^•^ Solves addition and subtraction exai- 

ples Mith 2, 3, and <l-digit nunerals 
a) addition, without regrouping 
bj addition, with regrouping 7,9,13,16,20 

, c) subtraction, without regrouping 22, J5 

d) subtraction, with regrouping 4,5,3,10,11, 

I'^.IS, 17,25, 
28,29,33,36 

Solved BUltiplication axaaples 12,19 

^•6 Recalls with reasonable speed and 30 

accuracy the aulti plicaUon and 
division facts to 50 

3-9 Translates a word problew into 18,^1,26,37 

^ watheaatical ^ynbols and solves 
asing appropriate operations 



^•10 Becognizes and ^ses correctly 39 ^ 

selected terns 
> » 

3*12 Btflliplies by 10 and lOb 6^i4^38 

Solves addition and «rtbtracti<Jn 31^^0 
• quationp iuclading cqncept^jSrf 
ioTerse operations ^ 



• 3*1 aeans objective 1 froi the Grade 3 objective^i in the 
curriculua guide^ jmqesi 11-12. The year objective {2^3) Vas 

inclnded for coaple teness. 



■ C " 39 

Tdble 3 

Definition of BITP Strand: 
AKkSUBEnEMT iMD GBOaETBI 

Grade 3 /U )^ 



^Objectife Code Stat«»ent of Objective ^ Ite« Mos, 



Ourinq TWB THREE the student: 

3.1* fiecoqnizes and uses the «y«bols 6,-^3,26,37 

S and ^ 

3, iu Constructs siiple geo»etric aodels ^ 13,16,32 

of solids an^ plane shapes 

3.15 * Recognizes the axis of syinetry 35 

J. H) Uses graphs as a leans of recording 1,2,9,1^,33 

3.17 Estiaates and aeasures" length in 10,12,15,21, 

arbitrary and ■e.tric units to 2**, -27, 29, 30, 

kiloaetres 3a 

3.1b Estiaates and aeasures arbitrary and 19, J:^ 

■ etric units in ml. *nd litres 

3.19 Deteraines area by covering 2-D 17 

spaces with ci' 

3.20 Deter ai nes ^oluae by filling 3-D 3,22 

spaces with ca^ ' 



3,21 Deteraines aass by balancing in 

kilograas and graas 



3.26 



18 



3.^2 - leads the clock to tell tile and e,2J,2J,2d 

records' in tha conventional nay 

3,23 Becognires the division of units of 7,11,31 

' tiap into years, ^ aonths, weeks, days 

fnd hoars 



^ Beads the theraoaeter in oc 5,3ti,U0 



2.25 (Classifies solids according to **,3t> 

faces, •dges, vertices 



t 3.1 leans objective 1 froi the Grade 3 obj«ctiv*^ in the 
curriculua guide, pager. 11-12. The yiar .2 obj«cJ,ive (2.25) was 
included f or , coipletenesG. . 
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CarricuIuB Guide 
Objective Code 



I.l 



1.2 



I. 3 



I. 4 



II. A. 2 



II. &. 3 



II. 4. U 



II. B. 1 



II. B. 3 
II. B. a 



Table 4 

Definition of nitP Strand 
SETS AND lOHBEBS 
Grades 7/8 



Stateient of Obje ctiv e 



The student is able to: 

use the folldwinq Eynbols 
(a.b,c, ) 

State or deMonstrate whether two 
Be'ts are In one -to- one 
correBpon den ce 

specify the eleients of a set when 
given a word description of th€ 
?e t 

specify, draw, or state 

a) the anion of two or sore sets 

b) the intersection of two or 
sore sets 

state the valne represented by each 
digit in a sulti-digit decis*! 
nuseral ^^"^^ 

write decisa 1 nus&rals in expanded 
fori usinj 

a) powers of ten 

b) powers of ten in exponent 
f ors 

use the cosson sa thesat i(;al 
sysbols 

i/lentify the slesents belonging 
to the following sets of ouibers: 

a) natural or counting naabers 

b) r at ion a 1 nnabers 

list the factors of a saiber 
list the snltiples of a suaber 



It^a Vos. 



11, 17, 3U 

10,2b 



18 

5, 1J, 20, 36 



1, J, 21, 22, 
31 



2,2 J , 2"*, 30, 
33,40 . 



6 

25 

8, U, 24, 39 
19 



I 
S 



T*ble 4 (coDtinued) 



Ml 



CorricaluB Galde 
Objective Code Stftt««ent of CJbjl^ectife 



II .B. S 



II. D. 1 



identify the elements belonging to 
specified sets of numbers: 
A) odd nuBbers 
b) . priie nuabers 

recognize and use the follovinq 

properties : 

«) associative for addition 
b) Bultiplication by zero 



Ituj Mos. 



15 

32 



1 .■ 



ERIC 
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Table 5 

D«flBition of HATP Strand: 
OPBHATIOiS ilTH IHOLB lUHBERS 
Grades 7/8 



Carrlculaa Cuide 

Objective Code ' Stateaent of Objective jum Uos. 



V 



4 



Ttie student is able to: 

< II-C. 1 perfora the operations of addition, 

subtraction, sulti plica ti on , and 
division with whole auabers * 

a) addition ^ 

b) aubtraction 3llJ^12, 17, 

20,2 9 

c) Bultiplication 16,13,23,34 

d) division 2,d,lJ,21, 

33, J9,a0 

II. C. 4 aiite a whole naaber as a product 15,28,30,32 

of its priae factors 

II-C.5 calculate the C C- F- of two or 7»^#11,14 

■ore mh\le nuabers 

}^'^'^ calculate the L.C.H. of two or 6, Id, 26, 31, 

, » aore whole nuabers 37 jy 

^^-^•^3 perfora, in conventional order, a 5,22,24,27, 

* calculation iovolving a series 35,Jb 
of operations 



ERIC 



4 

1 



Table 6 



M3 



Definition of RATP Strand: 
OPEHATIOWS HITH ilTIOMAL lUHBEBS 
GradttS 7/B 



CorriculuB Guide 
Objective Code 



1 1, C, 1 



II,C, 2 

I I.e. 7 
II. C. 8-1 1 



II .c. in 



Stateaert of Objective 



Tlie stodent is able to: 

perfora the operations of addilion, 
subtraction, ■ultiplica tion , and 
division nith rational nuabers in 

a) fraction fora 

b) deciaal fora 

c) aixed nuaeral fora 

round a deciaa 1 jnaaeral to a 
specified piacrW valuf^ 

write sets of eqijivalent fractions 

write an iaproper fraction for a 
■iied nuaeral and vice versa 

a) inproper fraction for aixed 
auneral 

b) nijied nuaeral for iaproper 
fraction ^ 

write a deciaal nuaeral for a 
fraction nuaeral and vice versa 

a) deciaal f3r a fraction 

b) fraction for a deciaal 
write a percent naneral for a 

fraction nuaeral and vice versa 

a) fraction for a percent ^ 

b) percent for a fraction 

solve siaple open sentences 



IttiB Nos. 



1.2,6, 15,28, 
30,^2,35,38 
13, iy 
16, X J, 29 

7.1 1, 17,20, 
2a 

22, J9 



ia 



3a, Jo 

9.^;. 37 



25,40 

21,31 

1C, 12, 18, 26, 

33 



^ 
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^ Table 7 

Defvinition of BITP Straftd; 
CEOHETBT AMD HEASOHEHEHT 
Grades 7/8 



Carriculai Guide 
Objective Code 



Stateient of Objectite 



Ilea Has. 



III. 1 



III. 2 



III. 3 



IV. 2 
IV. 3 

!?• a 
iv.^ 



The stadent Is able to: 

describe or give aeiiniDc) for the 

concept of con graency for: 
% a) segaents 
b) angles 

ase coapass and straight-edge to: 

a) copy an an gle 

b) bisec^ an an gle 

c) bisect a segaent 



or drav a 



identify froa a diagram, 
dlagraa illustrating 

a) r ight angles 

b) parallel lines 

c) guadr ilater als 

d) parts of 1 ^ircle 



u^e a ruler to measure length in 
•etric nnits 



use a protractor to Measure angles 

Btat© and use the aetric units of 
lengtbr angular geasure (degrees) 
area, and volaae 

perfora the basic arithaetic 

operations using units of Measure 
ay length 

b) Toluae 

c) Bass 

d) angular aessure / 



2,M 
6,2j, 33 



23, 39 



16,26 

2a, 4 J 

1,30 
3.:>. 15,17, 
31 

22 



1,1d, 21 

7,0, W, 20, 
27,^9, 32, 3U 



10, 1 3,28,37 

n,36,38 

9 

35 



Cvrricalak Cuide 
Objective Code 



f.1 



▼ .2 

f, 3 
1.5 
f I, 1 

fl.2 

f II, 1 
f II. 2 

fll, 3 



Table 6 

Definition of HATP Strapd 
iPPLICATlONS 
Crades 7/8 
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Stateaent Objective 




The student is »ble to: \ 

r 

analyze a verbal problea and 

a) distingaish between what is 
given and abat is to be found 
recognize whether sufficient 
inforaation is given to solve 
the problea 

deterain^ ahat operations are 
required to solve the prohlai 

construct a "aodel" such as a 
diagraa as an aid to solviny a 
problei 

translate ve^^al probleas into open 
sentences 

test the appropriateness of an 
answer to a problem 

calculate the output aoaber when 
given inpiit nuabers and a 
function rule 

graph on the nuaber line 

a) whole nuabers 

b) rational auabers 

draw and interpret scale diagraas 
solve probleas involving percents 

calculate periaetcrs and areas cf 

a) rectangles 

b) triangles 

calculate volases of rectangular 
prisBs 



Itaa Vos. 



6,IJ,23 



v 

30, j3 



lu,2a, 26, 

36 



10,^0,25,27, 




1.7.8,21,32 

12, Id, 19,22, 
31 



5,1 J 
9, 29 

17,28 



V 
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Tabl« 9 

Definition of BATP Strands 
ALCCBBA 
Grade 10/11 

— — — lii. 



Cnrriculun Guide 

Object iTe Code Stateient of Objective ita, uos. 



The stadent is able to: 

nse the axioas of real nuaberB 15,17,30 

^•^•^^ arite a given positive integer as 21 

th^product of its priae 'factors 

nse the lavs {pf exponents in 26,^7 
aiaplifying expressions with 
integral -♦xponents 

I.B.S?, evaluate an algebraic expression or 2,1 1,23,^0 

foraula for, given values for the 
»ariables\^ 

'-^•3 and aultiply polynoaials and 4, 1J, 33 

apply these operations to solving 
open sentences 

Avide a given polynoaial by a 28 
aonoiial 

^•^-^ find the C.C.F. of two or aore 21 

polynomials 

^ I-B.B given a polynoaial containing a B,1^ 

coiBon Bonoaial factor, vritethe 
polynoaial in factored fori 

I-B.IO given a polynoaial that is the 3,3^ 

difference of two squares, write 
it ip factored fori 

^•^•^1 write the sguare of any binciial as 37 

a trinofeial 

- 

I-®-^^ factor a quadratic trinoaial 6.I0 

solve open Mntances 

a) aiaple aquitions 1,1^,20,39 

b) aiaple inequalities 9^j:, 



ERIC 



il7 

Table 9 (coBtlnoed) 



C urricolupi 
Object ite 


Guide 
code 


Stat#ieDt of Objective 


Itaa Has. 


I.D.I 




translate an English phrase or ^ 
sentence into an algebraic 
ex press ioD or open sen ten ce 


7, Id 


ItoD.2 




solve word or ••story^ prot>l:^eas 
al gebr aically 


5,14,22,25, 
38 


I.IL 1 




given a table or a list of ordered 
nuaber pairs, plot a graph 


10, ib 


I.E. 2 




given an sqaation In tvo variables, 
graph the eg ua tion in the 
coordinate plane 


31, J4 


I.F. 1 




find the square root of perfect 
squares of nuibers and sonoaials 

by factoring 


29 



4 
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Table 10 

Definition of HATP strand 
GBOHETBT aid BEASOBEflENT 
Crade 10/11 



CurriculuB Guide " \ 

Objectiyt> Co3e Stateient of Objectire ' it^a Mos 

The student is able to: 

deteraine froB a given diagraa 
whether two or aore lines cut by 
a transversal are parallel usiny 
one of the folloiring properties: 

a) corresponding angles 23 

b) alternate angles 36 

c) sua of the interior angles 31 

detersine fros \ given diaqrai the 5,2J,ja 
■easure of specified angles when 
the diagraa eabodies parallel 
lines cut by a transversal 

^I-B. 1 calculate one side of a right- 9, Jo 

angled triangle given the other 
twD sides, the result being 
etpressed in naaerical fora 

II. C.I identify froa a diagraa or draw a 3,J/,aa 

' diagraa illustrating the parts 

of a circle 

^^•^•^ deteraine froa a given diagraa the 

aeasures of specified segaents, 
arcs or angles asing one of the 
following properties: 

a) the pentre of a circle lier. 12 
on the perpendicular bisector 
of a chord 

/ c) two tangents to a circle froa 1 

an eiternal point are equal 
and Bake eqaal angles with the 
line joining that point to 
the centra 
f) the central angle of a circle ia 
is twice the inscribed angle 
subtended by the saae arc 

H«C.J sake the following construction: 

a) locate the centre of a given 8 
xircl e 

II-D»1 deteraine whether two triangles 32 

ar^ siailar 



r 



Tdblt 10 (cont i nur-'i) 
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Can ic 111 uiB cui il^" 

Ob-joct ivf Cod*' Stdtement ot ObjfjCtivo It^ji Nos. 



ll'U.Z cdlculatt' a r.ido pt one of tire 6,1/ 

s i m 1 1 a L t r ia nq 1 2 s 

ll-l^*' make and read scale drawinqs 1B^^4^J9 

Il.E.I ^ do^M'ininf^ whetluu two triancjles are 2,\0,]i 

11 -^'^ 1 calculafv tlu* pc^rira^^teu ot a 7^^^ 

f polygon and ciicle 



11-^5*^ calralritp tho area ot \ 

d) t r a pezoiti 2 6 
^j) composite fiyure. 2B ' 

ll*^»-3 qivpn the toicnula^ calculite tlu? 

su I. t a ce ar oa of a ; 

ci) r Oct an ju lar pr ism 19 
c) cylinder 11 

e) [)yLaniid - It) 

11-^i*^ cjivcn Mie formula, calculate the 

^ vo 1 urn o f a : 

a) roctanjular prism' 29 

f) S[)h4^re 27 

I ^!,f»t ('r;n i T. f trom a qiven diaqram tho 

raea i:u i e ot sptu: i f red a nq les when 
the diaqram fMnhodios one oi moi^^ 
ot t f o 1 lowi aq : 

a) equilateral trianqles 2'> 
to AO isosceles tr La nqles/ 

par a 1 1 el o<}r ams ]0 
f ) pa ra 1 iel 1 i nes U 

(1 1 ;+ i n(j n i.sh hp^ween voctor and 
im: a 1 a i q ua n t i t i o s 

construct a scaled vf^ctor diaqi-am 22 
to re p r(M;e n t ^ si t ua ^ i on 
descr i bed in words 

li^il. J ^ calculate? the resultant vector for 15 

two qiven vector; by a scale 
d i a qr a m 



ERIC 



so 



1. A. 1 



1. A. 2 



I.A.J 



1 . A. U 



I , A.S 



1 . A. 7 



I . A.M 



I I 1 . A. 1 



I I U A. 2 



I I 1 . i5 . 1 



I I 1 . F( . 7 



1 1 i- n. i 



111^2 



Table 11 

Definition of HATP Stranci: 
CONSUflEH MATHEflATlCS 
Gr<i(\e 10/11 



Curriculum Gui.lo 
Objective Co.lo 



Stdteaent of Objective 



The student is able to: 

perform wi + h increasinq accuracy 
the basic operations of 
arithmetic wi'th the rational 
numbers 

lound-off a decim^il nuaber to a 
specified place value 

chanqe a decimal numeral to a 
percent an d «con v erse ly 

clianqe a fractional numeral to a 
percent and conversely 

chancje a decimal numeril to a 

fractional numeral and conversely 

convert numt^rals written in usual 
notation to scientific notation 
a n d CO n ve r se 1 y 

1 * 

calculate products and cjuotients 
•i.sincj scientific notdtion 

US'' tho concf>pt of simple interest 
ih calculi tions of discounts, 
commission, profit and loss, etc. 



doteimin*^ tho number of diys in 
parts of a year 

exi'lain Ww neanincj of compound 
inter es^ 

calculate the nuiber of interest 
periods in a given lenyth of time 

calculate bank interest (qiven the 
formula) 

calculate the true raty of interest 
in installment payments when 
yiven ♦^he formula 



Itjji Nos. 



2, J, 7,b, Id, 
27,2 J 



^S, IJ, 2 b 
17 

2H, J J 
lb, J J 



10, 1!j, 19, 
20,^ 1,22, 
23, ^4, JO,' 
32, J 4,3 

31, Jo 



1 1 



1 2, J d 



1 a, , 40 



2'y 
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Appendix B 
^ ITEM WHITEBS 



Sheild Donnelly 
Evelyn Griiston 
Kay ncKinnon 
Cathy nillard 
Linda O* Beilly 
Linda Shprtreld 
Har'q Stroyan 
Douq Sup^r 
Peqqy BilliaasoD 



Quilchena EleBentary 
anc3Q ver 

Gilpin Eleaentafy 
Bornaby 

Sreendale Eleaentary 
Chilliwack ^ 

Tan Bien Eleientary 
Pr ince George 

Tan Home l^eaentary 
TancoQYer , 

Anniedale Elesentary 
Surrey 

) ♦ 

District Staff 
Nanaiao 

Hitchell El^ientary 
Rich^iond 

Senerail Cordon Elementary 
Tancouver 



5a 

I 

i 

% 



Dennis Haiagucbi 
Bob UolBdn 
Idn Hooper 
Lillian Laib 
■a rr en Be Qui llan 
Joan Mewton 
Jim Hhelan 



■«L« Seaton Junior Secondary 
feraon 



Jaies Gilaore Eleaentary 
Sichaond 



Gladstone Secon dary 
fancrouirer 



Charles Dickens Elenentary 
Vancou ve r 



■est Vballey Junior Secondary 
Surrey 

Pitt Hcadotfs^ Eleaentary 
Haple Bidge 

District Staff 
Ka 91 oops 
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DoBinic k Ivaro 
Bob Cdipbell 
Les Dukovski 
Sui? Haberqer 
Bill Hall 
Joan Hadison 
Gary Hit chol 1 
Jake/ Penner 
Ken Silen 
Dan latt 



Arqyle Secondary V 
Morth VancouTei 

BcBoberts Secondary 
Rich»on4^ 

D,i. Poppy Junior Secondary 
Lanyley 

Centennial Seconda r y 
Coquit la« 

Sentinel Secondary 
West ?anc6u¥er 

Dr. Charles Best Junior Secoaaary 
Coyuit lao 

flount Baker Secondary 
Cr anbiook 

PrincTP Georqe Senior Secondary 
Prince George 



Surrey 
* 

Duchass Park Secondary 
Pr in ce Geor ge 
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